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METAL SHEET AND METHOD FOR ITS
MANUFACTURE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to German Patent Appli-
cation No. 102014018409.9, filed Dec. 11, 2014, which 1s
incorporated herein by reference 1n 1ts entirety.

TECHNICAL FIELD

The present disclosure pertains to a metal sheet featuring,
a substructure of light metal and at least one reimnforcement
that 1s pressed 1nto at least one surface of the substructure.

BACKGROUND

Methods for treating metal sheets 1n order to produce
sheet metal parts with locally modified properties, particu-
larly greater strengths, are generally known.

Sheet metal parts with locally greater strengths can be
produced by increasing the material thickness. DE 10 2006
034 620 Al describes a method for manufacturing sheet
metal parts, 1n which a remnforcement 1s applied onto an area
of a substructure by means of laser welding. Since no
pressure can be exerted upon the welding point during the
laser welding operation, the quality of the weld significantly
depends on how soft the reinforcement becomes under the
influence of the laser beam and how intimately 1t thereby
adapts to the substructure. The quality of the laser beam
therefore significantly influences the welding results. The
different mechanical properties 1n the reinforced and 1n the
unreinforced areas of the metal sheets lead to high tensions
when the welding seams and the adjacent heat-aflected zone
are subjected to loads. This may cause the metal sheet to tear
open 1n or adjacent to the welded joint.

After the reinforcement has been welded on, the overall
thickness of the metal sheet 1s greater 1n the area of the
reinforcement than in the unreinforced area. This conven-
tional metal sheet 1s not suitable for applications, 1n which
a uniform thickness 1s required over the entire metal sheet.
It 1s particularly unsuitable for deep-drawing because the
abrupt differences 1n thickness 1n the metal sheet can only be
isuihiciently considered in the deep-drawing tool.

DE 6 940 1390 T2 discloses an aluminum sheet, on which
a perforated sheet or a grating of steel 1s fastened by means
of cold forming 1n order to create a structural component, the
mechanical strength of which 1s greater than that of just the
aluminum sheet.

The intimate connection between steel and aluminum in
this conventional structural component sigmificantly com-
plicates recycling. The structural component has a strong
tendency to contact corrosion and therefore requires, in
contrast to the original aluminum sheet, efiective corrosion
protection on 1ts surface. However, 1f a paint layer 1s
conventionally applied onto the structural component as
corrosion protection, the different coethicients of thermal
expansion of aluminum and steel promote the separation of
this corrosion protection layer precisely at the boundaries
between the materials.

Another problem in the further processing of this known
structural component can be seen in that connecting tech-
niques suitable for aluminum are frequently incompatible
with a steel surface and vice versa; 1 particular, diflerent
operating parameters are required for welding aluminum
than for welding steel. If another component should be
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welded onto the structural component, it therefore must be
known beforehand whether it should be welded to a steel
surface or an aluminum surface, wherein welding seams

extending over both types of surfaces cannot be produced.
Repair work 1s particularly difficult under this conditions.

SUMMARY

It 1s an objective of the ivention to disclose a locally
reinforced metal sheet, 1n which these disadvantages are
climinated.

According to an embodiment of the invention, this objec-
tive 1s attained with a metal sheet featuring a substructure of
a first aluminum alloy and at least one reinforcement of a
second aluminum alloy that 1s pressed into at least one
surface of the substructure, wherein the reinforcement has 1n
at least a direction extending parallel to the surface a large
extent 1n relation to the thickness of the metal sheet and
consists of a second aluminum alloy that 1s harder than the
first aluminum alloy.

The reinforcement can come 1n 1mntimate contact with the
substructure over a majority of 1ts surface by pressing the
reinforcement 1nto the surface of the metal sheet such that
tensions between the remnforcement and the substructure are
distributed over a large surface. This particularly simplifies
the subsequent forming of the metal sheet, during which
such tensions occur. Subsequent forming of the metal sheet,
particularly by means of deep-drawing, 1s also simplified
due to the fact that the thickness of the metal sheet in the
reinforced area only slightly exceeds the thickness in the
unreinforced area.

The reinforcement may be formed, i particular, by a
wire, a strip, a netting or a grating. The netting or the grating
may consist of 1ntersecting wires or strips or be formed by
a r1ib mesh. The load characteristics can be purposetully
adjusted with the width and the density of the linear rein-
forcements and the geometric parameters of the netting-like
or grating-like reinforcements.

The wires or strips of a grating may feature engaging
recesses at their intersecting points. These recesses may be
formed by rolling the intersecting wires or strips on top of
one another, wherein the wires or strips thereby may, 1n
particular, already be connected 1nto a grating before being
pressed 1nto the substructure, e.g. by means of cold-welding.

The reinforcement may be pressed 1nto the substructure so
deep that 1t 1s also positively held theremn. This can be
achieved, 1n particular, by rolling in the reinforcement.

The reinforcement may be hardenable or already hard-
ened by means of a heat treatment of the metal sheet. Prior
to the hardening operation, the metal sheet can be formed 1n
a state of low strength 1n order to produce finished parts with
the desired shape thereof, wherein the desired increase in
strength of these finished parts 1s subsequently achieved by
means of the heat treatment.

The substructure may have a greater strength 1n an area
situated adjacent to the pressed-in reinforcement than 1n an
area situated distant from the reinforcement due to strain-
hardening. This effect contributes to the strength of the metal
sheet, 1n particular, 1f no heat treatment 1s carried out after
the deformation caused by pressing in the reimnforcement.

The first aluminum alloy preferably belongs to the alloy
group 1xxx whereas the second aluminum alloy belongs to
the alloy group 5xxx, 6XxX or 7XXX.

The reinforcement may be covered with a coating and
thereby protected against corrosion. The coating should also
extend to areas of the substructure that are situated directly
adjacent to the reinforcement; the simplest solution with
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respect to the manufacturing technology consists of com-
pletely covering the substructure and the reinforcement with
the coating.

The coating may be a foil consisting of the same material
as the substructure. This 1s particularly advantageous with
respect to sound corrosion properties.

A paint layer may also be considered as coating. Since the
two aluminum alloys only differ slightly with respect to their
coellicients of thermal expansion, such a paint layer only has
a low tendency to sufler damages during temperature fluc-
tuations. This 1s the reason why the paint layer may be
realized, 1n particular, in the form of a stove-enameled
coating.

It 1s another objective of the invention to disclose a
method for manufacturing a locally reinforced metal sheet.

According to an embodiment of the invention, this objec-
tive 1s attained with a method for manufacturing a metal
sheet by placing a reinforcement of a second aluminum alloy
onto a substructure of a first aluminum alloy, wherein the
second aluminum alloys harder than the first aluminum
alloy, and subsequently rolling the reimnforcement into the
substructure.

In this way, the thickness of the metal sheet 1n a reimnforced
area may only exceed the thickness of the unreinforced area
mimmally or not at all. The more intensive the cold-welding,
ol the reinforcement and the substructure 1s carried out while
the reinforcement 1s rolled 1n, the more substantial the metal
sheet can subsequently be deformed without thereby causing
a separation of the reinforcement and the substructure. A
positive it between reinforcement and substructure material
produced by rolling 1n the reinforcement also contributes to
preventing such a separation.

If the metal sheet obtained by rolling in the reinforcement
1s suiliciently plane, 1t can be further processed by means of
deep-drawing, wherein the deformation by means of deep-
drawing may also concern the reinforcement itself.

A deformation of the metal sheet, which also concerns the
rolled-in remforcement, may cause additional strain-hard-
ening of the reinforcement, namely regardless of whether 1t
1s carried out by means of deep-drawing or a different
method. This strain-hardening contributes to the strength of
a workpiece produced of the metal sheet, 1n particular, 1t the
deformation takes place at room temperature and no heat
treatment 1s subsequently carried out.

Furthermore, hardening of the reinforcement may be
obtained by a heat treatment of the metal sheet, which may
be carried out during or after the forming operation. This
hardening contributes to the strength of the metal sheet, in
particular, 1f the reinforcement 1s formed by an alloy that
was subjected to precipitation hardening.

Additionally, corrosion resistance may be obtained by
applying a coating at least onto the reinforcement, which
may be carried out after rolling in the reinforcement. It 1s
advantageous 1f the step of applying the coating 1s the step
that immediately follows the step of rolling in the reinforce-
ment. If the coating consists of a foil, an intimate connection
between o1l and metal sheet can be produced by rolling on
the foil.

The process of rolling in the reinforcement and/or, if
applicable, rolling on the foil may take place under an nert
gas atmosphere or reducing atmosphere. The fewer interfer-
ing oxide layers on the surfaces to be connected, the more
intensive the cold-welding of the reinforcement, the sub-
structure and, i applicable, the foil is carried out while the
reinforcement 1s rolled 1n. This 1s the reason why 1t may be
sensible to carry out a pickling step for removing an oxide
layer as preparation for the rolling-in operation.
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The coating may also be a paint layer. Since the coefli-
cients ol thermal expansion of the aluminum alloys only
differ slightly, such a paint layer also 1s only subjected to low
tensile stresses during temperature fluctuations; a durable
paint layer can be produced, in particular, at a temperature
that 1s higher than the subsequent service temperature of a
component produced of the metal sheet by means of stove-
cnameling.

"y

BRIEF DESCRIPTION OF THE DRAWINGS

The present mvention will hereinafter be described 1n
conjunction with the following drawing figures, wherein like
numerals denote like elements.

FIG. 1 shows the schematic sequence of a method accord-
ing to a first embodiment of the ivention;

FIG. 2 shows different stages of the rolling-in operation;

FIG. 3 shows a top view of a metal sheet;

FIG. 4 shows a section of the metal sheet for a first
variation;

FIG. 5 shows a top view of the metal sheet for a second
variation;

FIG. 6 shows a section through the substructure and the
reinforcement for a third variation; and

FIG. 7 shows the schematic sequence of a method for a
fourth exemplary embodiment.

DETAILED DESCRIPTION

The following detailed description 1s merely exemplary 1n
nature and 1s not intended to limit the mvention or the
application and uses of the mnvention. Furthermore, there 1s
no itention to be bound by any theory presented in the
preceding background of the invention or the following
detailed description.

FIG. 1 schematically shows different stages of an mven-
tive method for manufacturing metal sheets. In a first stage
illustrated 1n the left portion of FIG. 1, a substructure 1
consisting of a low-alloy aluminum sheet, preferably of an
alloy of the alloy group 1xxx, 1s unwound from a coil 2.

A remnforcement 3 1n the form of a wire 1s unwound from
a spool 9. The reinforcement 3 may also be formed by
several wires that are unwound from adjacently arranged
spools 9.

In this case, the reinforcement 3 consists of an aluminum
alloy that can be aged artificially, preferably an alloy of the
alloy group 6xxx. In 1ts initial state on the spool 9, the
reinforcement 3 has a greater strength than the substructure
material 1. The difference 1n strength should amount to at
least 200 MPa.

The substructure 1 and the reinforcement 3 are conveyed
through a pickling bath 11. The pickling bath may contain
NaOH or HNO,. The pickling in the pickling bath 11
removes oxides that cover the surfaces of the substructure 1
and the reinforcement 3.

Subsequently, the substructure 1 and the reinforcement 3
are jointly conveyed between two rollers 4. During this
operation, the reinforcement 3 1s pressed into the surface of
the substructure 1. Cold-welding of the reinforcement 3 and
the substructure 1 takes place during this rolling-1n opera-
tion. The fewer interfering oxide layers on the surfaces of the
reinforcement 3 and the substructure 1, the more intensive
the cold-welding 1s carried out. In order to prevent the
regeneration ol oxide layers after pickling has been carried
out, the rolling-in operation may take place under an 1nert
gas atmosphere or reducing atmosphere.
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The gap between the rollers 4 1s adjusted 1n such a way
that a metal sheet 5, 1n which the surface of the reinforce-
ment 3 and the surface of the substructure 1 are flush with
one another, 1s obtained after the pass through the pair of
rollers 4. FIG. 2 shows different stages of the process of
rolling 1n a wire-shaped reinforcement 3. The reinforcement
3 and the substructure 1 are 1llustrated in the form of a cross
section prior to the rolling-in operation on the left side 1n
FIG. 2. The central portion of FIG. 2 shows the partially
rolled-in reinforcement 3. The displaced material of the
substructure 1 1s pressed upward like a bead adjacent to the
reinforcement 3. The right portion of FIG. 2 shows the metal
sheet 5 at the end of the rolling operation. The reinforcement
3 and the surface of the substructure 1 are flush with one
another. The displaced material of the substructure 1 par-
tially extends over the reinforcement 3 such that a positive
fit 1s produced.

The remnforcement 3 has to have a greater strength than
the substructure 1 1n order to achieve a penetration depth t
of the reinforcement 3 that amounts to at least half the
thickness d of the remnforcement prior to the rolling-in
operation.

The rolling-1n operation may take place during the last
pass of the hot-rolling operation of the substructure 1. In this
case, the substructure 1 including reinforcement 3 1s rolled
to the desired sheet thickness of the metal sheet 5.

FIG. 3 shows a top view of an example of the reinforce-
ment 3 1n the metal sheet 5. In this case, the reinforcement
3 consists of several wires 10 that extend 1n a straight line
and parallel to one another 1n the rolling direction symbol-
ized by an arrow. A remnforcement in the form of curved
wires can be realized 11 the spools 9, from which the wires
10 are unwound, are moved transverse to the rolling direc-
tion during the rolling-in operation or the wires 10 are
guided through eyelets that can be moved relative to the

rolling direction before they enter the gap between the
rollers 4.

After the rolling operation, the sheet metal strip 3 1s
divided into sheet metal blanks 7 by means of a cutting
device 6. The sheet metal blanks 7 are deposited on a stack
8 11 the sheet metal strip S has to be transported to a different
location for further processing after its manufacture.

Otherwise, the sheet metal blanks 7 can be directly placed
into a forming tool 13 after the cutting operation. In FIG. 1,
a sheet metal blank 7 placed into the forming tool 13 for
deep-drawing 1s 1llustrated on the right side adjacent to the
stack 8. The more intensive the cold-welding between the
substructure 1 and the reinforcement 3 and the more pro-
nounced the positive fit between reinforcement 3 and the
substructure 1, the more substantial the metal sheet 5 can be
deformed without thereby separating the reinforcement 3
and the substructure 1.

The formed sheet metal blanks 7 are subjected to a heat
treatment 1n a furnace 14 that 1s 1llustrated on the right side
in FIG. 1. During this heat treatment, precipitation harden-
ing takes place 1n the reinforcement 3, which consists of an
alloy that can be aged artificially, such that the strength of
the reimnforcement 3 1s increased. In this way, sheet metal
parts can be locally reinforced while areas situated distant
from the reinforcement 3 have a lower strength, but gener-
ally a greater ductility and/or superior weldability.

According to FIG. 1, several of the formed sheet metal
blanks 7 can be simultaneously heat-treated 1n the furnace
14 during the heat treatment. However, 1t 1s also possible to
individually heat-treat the sheet metal blanks 7 successively
in a continuous furnace. In sheet metal blanks 7 to be
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painted, precipitation hardeming may take place during the
stove-enameling heat treatment.

According to a first variation, the wires 10 of the rein-
forcement 3 may extend in the metal sheet S 1n such away
that they intersect one another and form a grating. In this
case, the wires 10 feature deformations produced by the
rolling-1n operation at the intersecting points, wherein these
deformations are illustrated 1n FIG. 4 1n the form of engag-
ing recesses 12 i the wires 10. Due to the rolling-in
operation, the wires 10 are cold-welded at the intersecting
points.

The reinforcement 3 may also consist of a prefabricated
grating of mtersecting wires 10 that are rolled on top of one
another, wherein this prefabricated grating 1s unwound from
the spool 9 1n order to be processed. The wires 10 are rolled
on top of one another 1 an intersecting fashion such that
they are cold-welded at the intersecting points. It 1s preferred
that the thickness of the reinforcement grating 3 at the
intersecting points only exceeds the thickness of the wires
10 between the intersecting points slightly or not at all.

According to a second variation, the reinforcement 3 may
also have a netting-like structure as illustrated 1n FIG. 5. The
netting-like structure may consist, for example, of a rib
mesh.

According to a third vanation, the reinforcement 3 may
consist ol a narrow strip or wire with a sharp-edged cross
section such as, e.g., a rectangular cross section. In order to
ensure that the strip reliably cuts into the surface of the
substructure 1 during the rolling-in operation, the strip 1s
held above the surface of the substructure 1 1n such a way
that one of the sharp edges faces the surface. This can be
achieved, e.g., by guiding the strip through an eyelet or
between two rolls, which respectively defines or define a
passage complementary to the cross section of the strip,
shortly before the strip enters the gap between the rollers 4.
Reinforcing elements with rectangular cross section and
limited length can be produced of an alloy that 1s unsuitable
for drawing wires, e.g., by cutting strips ofl a metal sheet. In
order to ensure that such elements lie on the substructure
such that one of their sharp edges faces the substructure,
they can be bent before being placed thereon.

In a second exemplary embodiment, the reinforcement 3
consists of an aluminum alloy of the alloy group 5xxx that
was subjected to significant strain-hardening. In this case,
the remforcement 3 also should have a strength that 1s at
least 200 MPa greater than that of the substructure 1 1n 1ts
initial state on the spool 9.

The deep-drawing operation 1n the forming tool 13 1s
carried out in the form of a cold-forming operation. The
substructure 1 and the reinforcement 3 are thereby deformed
and strain-hardening occurs, particularly in the reinforce-
ment 3. The desired strength of the sheet metal sections 5 1s
already achieved due to the deep-drawing operation. A
subsequent heat treatment would diminish the increase 1n
strength, which 1s the reason why no heat treatment in the
furnace 14 according to FIG. 1 1s carried out 1n the second
exemplary embodiment.

Due to the process of rolling in the reinforcement 3, an
area of the substructure 1 situated adjacent to the rolled-in
reinforcement 3 has a greater strength than a region situated
distant from the reinforcement 3 because strain-hardening
occurs. However, the magnitude of this effect depends on the
heat mput during and after the rolling operation and only
contributes to the increase in strength of the substructure 1
iI no heat treatment 1s carried out after the forming opera-
tion.
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In a third exemplary embodiment, the reinforcement 3
consists of an aluminum alloy of the alloy group 7xxx. In
this case, the reinforcement 3 also should have a strength
that 1s at least 200 MPa greater than that of the substructure
1 1n 1ts 1mitial state on the spool 9. Aluminum alloys of the
alloy group 7xxx can be aged artificially. The aging time and
aging temperature can be chosen in such a way that aging 1s
achieved during a hot-forming operation.

The forming operation 1n the forming tool 13 according to
FIG. 1 therefore 1s carried out 1n the form of a hot-forming
operation. It may be realized, in particular, 1n the form of a
deep-drawing operation. The sheet metal blank 7 1s heated
and deformed in the forming tool 13 and subsequently
cooled 1n contact with the tool 13. The reinforcement 3 1s
aged artificially due to the temperature influence such that
the desired increase 1n strength 1s achieved. In this case, no
heat treatment in the furnace 14 according to FIG. 1 1s
carried out after the forming operation.

FIG. 7 schematically shows different stages of a fourth
exemplary embodiment for manufacturing metal sheets. As
in the first exemplary embodiment, the substructure 1 being
unwound from a coil 2 and the reinforcement 3 being
unwound from a spool 9 are rolled together imto a sheet
metal strip 5. A foil 18, which 1s unwound from a second
coil, 1s subsequently supplied from above and transported
underneath a pressing roller 19 together with the sheet metal
strip 5. During this process, the foil 18 1s pressed onto the
surface of the sheet metal strip S by the roller 19. The foil
18 1s rolled on under high pressure such that cold-welding
with the sheet metal surface takes place. In order to achieve
intensive cold-welding, the foil 18 may be pickled analo-
gous to the substructure 1 prior to being pressed thereon. In
order to prevent the formation of an oxide layer and to
promote cold-welding, the substructure 1, the reinforcement
3 and the fo1l 18 may be exposed to an ert gas atmosphere
or reducing atmosphere between the stage of rolling 1n the
reinforcement 3 and the stage of rolling on the foil 18.

The fo1l 18 consists of low-alloy aluminum, preferably of
the alloy group 1xxx. The fo1l 18 1s positioned 1n such a way
that 1t covers at least the reinforcement 3. However, the foil
18 preferably covers the entire surface of the metal sheet.

Negative eflects of environmental influences can be pre-
vented by covering the reinforcement 3 with the foil 18. In
addition, corrosion-sensitive reinforcements 3 can be pro-
tected by being covered with foil. In this way, damages due
to stress corrosion cracking of the reinforcement 3 and due
to contact corrosion between the reinforcement 3 and the
substructure 1 can be prevented. This 1s particularly advan-
tageous 1n instances, 1n which a remnforcement 3 of the
corrosion-sensitive alloy group 7xxx 1s used.

As 1n the first exemplary embodiment, the forming opera-
tion 1n the forming tool 13 and the heat treatment in the
furnace 14, during which precipitation hardening takes
place, are carried out after the sheet metal strip 5 has been
cut into sections. A heat treatment 1n the furnace 14 can be
climinated 1f the reinforcement 3 consists of an alloy that
was subjected to sigmificant strain-hardening as in the sec-
ond exemplary embodiment. The heat treatment in the
furnace 14 1s likewise eliminated if the reinforcement 3
consists of an alloy, 1n which precipitation hardening can be
achieved during a hot-forming operation 1n the forming tool
13 as in the third exemplary embodiment.

The exemplary embodiments are not restricted to the cited
materials and material combinations.

While at least one exemplary embodiment has been
presented 1n the foregoing detailed description, 1t should be
appreciated that a vast number of variations exist. It should
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also be appreciated that the exemplary embodiment or
exemplary embodiments are only examples, and are not
intended to limait the scope, applicability, or configuration of
the invention 1n any way. Rather, the foregoing detailed
description will provide those skilled 1n the art with a
convenient road map for implementing an exemplary
embodiment, 1t being understood that various changes may
be made i the function and arrangement of elements
described 1n an exemplary embodiment without departing
from the scope of the invention as set forth 1n the appended
claims and their legal equivalents.

What 1s claimed 1s:

1. A metal sheet comprising a substructure of a first
aluminum alloy and at least one reinforcement that is
pressed 1nto at least one surtace of the substructure, wherein
the reinforcement has a length 1n at least a direction extend-
ing parallel to the at least one surface greater than a
thickness of the metal sheet and consists of a second
aluminum alloy that 1s harder than the first aluminum alloy,
wherein the reinforcement 1s covered with a coating and the
coating comprises an aluminum alloy foil.

2. The metal sheet according to claim 1, wherein the
reinforcement 1s selected from the group consisting of a
wire, a strip, a netting or a grating.

3. The metal sheet according to claim 2, wherein the
reinforcement comprises a grating having recesses at inter-
secting points.

4. The metal sheet according to claim 1, wherein the
reinforcement 1s positively pressed into the substructure.

5. The metal sheet according to claim 1, wherein the
reinforcement comprises a hardened reinforcement affected
by a heat treatment.

6. The metal sheet according to claim 1, wherein the
substructure comprises a first area situated adjacent to the
pressed-in reinforcement having a first strength and a second
area having a second strength, wherein the first strength 1s
greater than the second strength due to strain-hardening of
the first area.

7. A metal sheet comprising a substructure of a first
alumimum alloy and at least one reinforcement that is
pressed 1nto at least one surtace of the substructure, wherein
the reinforcement has a length 1n at least a direction extend-
ing parallel to the at least one surface greater than a
thickness of the metal sheet and consists of a second
aluminum alloy that 1s harder than the first aluminum alloy,
wherein the reinforcement 1s covered with a coating and the
coating comprises a stove-enameled paint.

8. A method for manufacturing a metal sheet, comprising:

placing a reinforcement of a second aluminum alloy onto

a substructure of a first aluminum alloy, wherein the
second aluminum alloy 1s harder than the first alumi-
num alloy and the reinforcement has a length 1n at least
a direction extending parallel to a surface of the sub-
structure of the first aluminum alloy greater than a
thickness of the metal sheet,

subsequently rolling the reinforcement into the substruc-

ture; and

applying a coating at least onto the reinforcement after

rolling the reinforcement into the substructure, wherein
the coating comprises one of an aluminum alloy foil
and a stove-enameled paint.

9. The method for manufacturing a metal sheet according,
to claim 8, further comprising:

forming the remnforcement by deep-drawing the metal

sheet carried out after the rolling the reinforcement into
the substructure.
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10. The method for manufacturing a metal sheet accord-
ing to claim 8, further comprising:
hardening the reinforcement by forming the metal sheet
aiter rolling the reinforcement into the substructure.
11. The method for manufacturing a metal sheet according
to claim 8, further comprising:
hardening the reinforcement by means heat treating the

metal sheet after rolling the reinforcement into the
substructure.
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